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basal follicle stimulating hormone (FSH), 
inhibin B, antral follicle count, and ovarian 
volume; or dynamic reserve tests like 
Gonadotropin Agonist Stimulation Test 
(GAST), Clomiphene Citrate Challenge 
Test (CCCT), and Exogenous FSH Ovarian 
Reserve Test (EFORT).[2-5]

As a prognosticator of individual ovarian 
potential, chronological age is of limited 
value because women of the same age can be 
at different stages in the process of follicular 
depletion. This feature is also related to the 
wide range of age at the onset of menopause, 
which marks total follicular depletion.[6] 
Basal FSH has been shown to be a better 
marker of individual ovarian reserve than 

INTRODUCTION

The success of in vitro fertilization (IVF) 
depends to a large extent on the number 
and quality of mature oocytes obtained at 
the time of oocyte retrieval after controlled 
ovarian stimulation. This ovarian response 
is determined largely by the ovarian reserve, 
which is defined as an estimate of oocytes 
remaining in the ovary that are capable 
of fertilization resulting in a healthy and 
successful pregnancy.[1] There are a myriad 
ways of checking ovarian reserve, none of 
which are complete in themselves, either 
in their sensitivity or their accuracy.[2-5] 
Amongst the ones in current or past use 
have been the subject’s chronological age, 
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ABSTRACT

OBJECTIVES: (a) To establish the cut-off levels for anti-Mullerian hormone (AMH) in 
a population of Indian women that would determine poor response. (b) To determine 
which among the three ie.,: age, follicle stimulating hormone (FSH), or AMH, is the 
better determinant of ovarian reserve. STUDY DESIGN: Prospective observational study. 
SETTING: In vitro fertilization (IVF) unit of a tertiary hospital. MATERIALS AND 
METHODS: The inclusion criterion was all women who presented to the center for in-vitro 
fertilization/Intracytoplasmic sperm injection (IVF/ICSI). The exclusion criteria were age 
>45 years, major medical illnesses precluding IVF or pregnancy, FSH more than 20 IU/L, 
and failure to obtain consent. The interventions including baseline pelvic scan, day 2/3 FSH, 
luteinizing hormone (LH), estradiol estimations, and AMH measurement on any random 
day of cycle were done. Subjects underwent IVF according to long agonist or antagonist 
protocol regimen. Oocyte recovery was correlated with studied variables. The primary 
outcome measure was the number of oocytes aspirated (OCR). Three categories of ovarian 
response were defined: poor response, OCR ≤ 3; average response, OCR between 4 and 
15; hyperresponse, OCR > 15. RESULTS: Of the 198 patients enrolled, poor, average, and 
hyperresponse were observed in 23%, 63%, and 14% respectively. Correlation coefficient 
for AMH with ovarian response was r = 0.591. Area under the curve (AUCs) for poor 
response for AMH, subject’s age, and FSH were 0.768, 0.624, and 0.635, respectively. The 
discriminatory level of AMH for prediction of absolute poor response was 2 pmoL/l, with 
98% specificity and 20% sensitivity. CONCLUSIONS: AMH fares better than age and FSH in 
predicting the overall ovarian response and poor response, though it cannot be the absolute 
predictor of non-responder status. A level of 2 pmol/l is discriminatory for poor response.
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age,[7] and is to date commonly used in many infertility 
centers. But it only has a moderate predictive performance 
for poor response. Predictions for absolute poor response 
are only achieved at extreme cut-off levels for basal FSH.[8]

Antral follicle count has been documented as a useful 
measure of ovarian reserve through various studies.[9-11] 
However, it is subjective and requires a high-resolution 
machine and reporting by the same observer to be an 
accurate marker of ovarian reserve. The dynamic reserve 
tests are time consuming, labor intensive, and more 
expensive with no agreement on their endpoints. They do 
not add to the information obtained by static tests. Hence, 
there remains an unfulfilled need to establish an adequate 
test for predicting individual reproductive potential.

Anti-mullerian hormone (AMH) has been a new molecule 
on the horizon that is now being used as a measure of 
ovarian reserve testing in some centers of the world.[12-15] 
Many report it to be useful marker of ovarian response, but 
no defined cut-off levels exist that help in deciding whether 
to enrol the patient for IVF or not. Also, it remains to be seen 
if the cut-off levels of AMH in Indian population are any 
different from those of the Caucasians.

This study was undertaken with an objective to determine 
if AMH could predict ovarian response better than age 
and FSH, the currently available markers at the center of 
study, and to establish AMH cut-off levels that could help 
in segregating the poor responder from the good responder.

MATERIALS AND METHODS

This was a prospective observational study conducted at a 
tertiary referral center, over a period of 13 months extending 
from October 2008 to October 2009. Women presenting to the 
infertility clinic were screened for fitness to undergo IVF. All 
women with an indication for IVF like bilateral tubal block, 
severe male factor infertility, severe endometriosis, more 
than 4 cycles of failed intrauterine insemination (IUI) in 
unexplained infertility, more than 12 failed ovulatory cycles 
in anovulatory infertility, or age-related infertility were 
included in the study. Exclusion criteria were age >45 years, 
FSH >20IU/L, major illnesses (like stage III heart disease, 
severe hypertension, uncontrolled diabetes mellitus, HIV 
positivity, severe bleeding dyscrasias, etc.), and known 
case of POF or bilateral oophorectomy. All women thus 
selected for IVF or ICSI during the period of study and who 
agreed to participate in the study were enrolled. Baseline 
characteristics like age, type and duration of infertility, 
indication for IVF, history of exposure to chemotherapy 
or radiotherapy, history of smoking, presence of pelvic 
inflammatory disease (PID) or endometriosis, and history of 
previous pelvic surgeries were noted. The type of surgeries 

was divided into three groups based on the conjecture 
that an ovarian surgery would lead to a greater loss of 
ovarian reserve than a non-ovarian surgery and a surgery 
that altered the blood supply to the ovary would lead to a 
greater ovarian reserve reduction than a surgery that did 
not. Hence, three groups of pelvic surgeries were created: 
surgeries leading to ovarian tissue loss (oophorectomy, 
cystectomy); surgeries leading to alteration in blood supply 
(salpingectomy, tubal ligation, extensive adhesiolysis); and 
surgeries that did neither (diagnostic laparoscopy, lower 
segment caesarean section (LSCS), myomectomy, etc.).

All enrolled women had a baseline pelvic ultrasound scan; 
day 2 or 3 FSH, luteinizing hormone (LH), and estradiol 
(E2) estimations by the AIA 360 automated ELISA test 
kit manufactured and supplied by Tosoh Corporation, 
Japan, and Tosoh Biosciences Inc., USA, respectively. AMH 
measurement was done on any random day in the cycle by 
the ACTIVE AMH ELISA two-site immunoassay supplied 
by Diagnostics systems laboratories (a Beckman Coulter 
company) that has a sensitivity of 0.043 pmol/l (0.006 ng/
ml). FSH and LH were reported in IU/l, E2 in pg/ml, and 
AMH in pmol/l units (7.18 pmol/l of AMH is equivalent to 
1 ng/ml of AMH).

Enrolled women then started IVF cycles using either the 
long agonist or the antagonist protocol. Controlled ovarian 
stimulation commenced from day 2 or 3 of the subsequent 
cycle with a urinary or recombinant gonadotropin, the dose 
of which was individualized based on anticipated response. 
Ovarian response was monitored with ultrasound and E2 
estimation. The human chorionic gonadotropin (hCG) 
trigger was given on the day when three or more developing 
follicles were seen on transvaginal sonography of 14 mm 
size or more. Total gonadotropin dose used to achieve the 
said response and E2 levels on the day of hCG were noted. 
Oocytes were aspirated 36 h later transvaginally under 
ultrasound guidance using propofol anesthesia by suitably 
experienced doctors in the discipline. Ovarian response 
was defined as the number of oocytes obtained during the 
oocyte aspiration procedure. This was divided into three 
sub-categories as poor, average, and good response.
•	 Poor response: Cycle cancellation or oocyte recovery 

(OCR) of three or less
•	 Average response: OCR of 4–15
•	 Hyperresponse: OCR of more than 15

The women who had their oocyte aspiration cancelled 
because of growth of no or less than three dominant follicles 
were considered to have an oocyte retrieval of zero.

Statistical analysis
The distribution of all the studied variables (clinical 
and hormonal) was compared in the three groups of 
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ovarian response using the one-way analysis of variance 
(ANOVA) model. The difference in distribution of studied 
variables across the three groups of ovarian response 
was quantified by calculating correlation coefficients 
(Pearson’s coefficients for normally distributed variables 
and Spearman’s coefficients for skewed variables). Receiver 
Operator Characteristic curves (ROC curves) for the three 
variables in question, namely, subject age, FSH, and AMH, 
were compared to determine which of the three defined 
poor ovarian response the best. Finally cut-off levels of 
AMH for defining poor response were obtained using 
ROC curves.

All calculations were made using the Statistical Package for 
Social Sciences software (SPSS), version 17.0.

RESULTS

A total of 676 women were screened for fitness to undergo 
the IVF procedure. Five hundred sixty-five women were 
found eligible to participate in the study period, out of 
which 198 gave consent. There was no loss to follow-up 
[Figure 1].

The general characteristics of the participants are shown 
in Table 1. 23% of the enrolled subjects were poor 
responders, 63% were average responders, and 14% were 
hyperresponders based on the number of oocytes retrieved 
during IVF.

The baseline clinical and endocrine parameters in the three 
groups of responders are shown in Table 2. Amongst the 
baseline variables studied at the time of patient induction, 
only mean age, baseline FSH levels, FSH/LH ratio, and AMH 
levels showed a significant difference between the three 
groups of responders. Poor responders had a significantly 
higher age at enrollment, a higher mean basal FSH level, 
and a significantly low AMH level; also, their FSH/LH ratios 
were significantly higher. It is also seen that poor responders 
required significantly more gonadotropin dose to reach the 
endpoint of three or more follicles of size 14 mm or more. 
The terminal E2 levels were also found to be significantly 
lower in this group.

The correlation coefficients for AMH, age, FSH/LH ratio, 
and FSH with overall ovarian response were 0.591, -0.224, 
-0.225, and -0.308, respectively. To determine if AMH 
could determine poor response better than the other 
three variables and not just the overall ovarian response, 
ROCs were obtained for all four variables, namely, AMH, 
age, FSH, and FSH/LH ratio, with the outcome variable 
being poor response. Area under the curve (AUCs) were 
found to be significant for AMH (AUC = 0.768, P = 0.000), 
age  (AUC  =  0.624, P = 0.012), and FSH (AUC = 0.635, 

Table 1: Baseline characteristics of participants
Variables
Age, mean (SD), years 33.14 (4.7)
Type of infertility n (%)

Primary 127 (64)
Secondary 71 (36)

Duration of infertility, mean (SD), years 7.75 (4.77)
Indication for IVF n (%)

Tubal 72 (36.36)
Male 59 (29.80)
Endometriosis 17 (08.59)
Unexplained 38 (19.19)
Oocyte donors 8 (04.04)
Miscellaneous 4 (02.02)

Distribution of other factors known to effect 
ovarian response n (%)

Previous history of poor response 13 (06.6)
Pelvic inflammatory disease 63 (31.8)
Previous chemo or radiotherapy 00 (00.0)
History of smoking 00 (00.0)
Previous IVF n (%)
None 137 (69.20)
One 39 (19.70)
Two 16 (8.08)
Three 3 (1.51)
More than three 3 (1.51)
Previous surgery n (%) 107 (54%)
Group I
Cystectomy 20 (10.1)
Oophorectomy 3 (1.5)
Ovarian drilling 3 (1.5)
Group II
Adhesiolysis 36 (18.2)
Salpingectomy 21 (10.6)
Tubal ligation 4 (2.02)
Group III
Cesarean section 4 (2.0)
Diagnostic laparoscopy 16 (8.1)

Figure 1: Flowchart for subject enrollment
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P = 0.006), but not for FSH/LH ratio (AUC = 0.553, P = 0.281) 
[Figures 2 and 3].

DISCUSSION

AMH is a glycoprotein dimeric hormone that belongs to 
the transforming growth factor beta (TGF-β) superfamily. 
It is expressed by the granulosa cells of primary, preantral, 
and small antral follicles. It controls folliculogenesis 
by inhibiting the process of recruitment of primordial 
follicles[16,17] and modifying the growth of preantral and 
antral follicles by diminishing the sensitivity of follicles 
to FSH.[18] The level of this hormone decreases with age, 
reaching undetectable levels in postmenopausal period 
since the pool of recruitable follicles goes on diminishing 
with age.[19,20] AMH exhibits a fairly stable expression during 
the menstrual cycle,[21-23] making it an attractive determinant 

of ovarian activity. Because of this low variability, AMH 
in this study was measured on any day in the cycle and 
correlated with ovarian response.

At the time of conducting this study, no consensus existed 
in literature to define poor response[24] (poor response being 
defined as OCR of anywhere from three to six).[25] Poor 
response (OCR), ideally, should be so defined such that no 
desirable events (pregnancy) should have been recorded 
at this level. Therefore, poor response in this study was 
defined as an OCR of three or less since only 8% (3/36) 
pregnancies have been recorded at this level in historical 
controls at the center of study over the past 2 years and none 
have continued beyond 8 weeks of gestation as opposed to 
a pregnancy rate of 20% (10/48) at oocyte retrieval of 4 with 
continuation rate of 15% (7/48).

Table 2: Comparison of baseline clinical and hormonal profile between poor, average, and hyperresponders
Poor response (n = 45) Average response (n = 125) Hyperresponse (n = 28) Significance

Mean age (years) ±SD 34.8 ± 4.7 32.9 ± 4.4 31.6 ± 4.7 0.008*
Primary infertility vs. secondary 26 (57.8%) 81 (64.8%) 20 (71.42%) 0.481
Duration of infertility (years) 9.2 ± 5.4 7.2 ± 4.3 6.7 ± 4.7 0.035*#$

Tubal factor 17 (37.8%) 46 (36.8%) 8 (28.6%) 0.94
Male infertility 15 (33.3%) 33 (26.4%) 10 (35.7%) 0.6
Endometriosis 4 (8.9%) 10 (8.8%) 2 (7.14%) 0.94
Unexplained 8 (17.8%) 25 (20%) 5 (17.9%) 0.94
Type I surgery 7 (15.5%) 17 (13.6%) 2 (7.14%) 0.877
PID 14 (31.1%) 42 (33.6%) 7 (25%) 0.673
Mean FSH levels (IU/l) 10.2 ± 4.0 9.0 ± 3.8 7.0 ± 1.9 0.002#

Mean LH levels (IU/l) 5.1 ± 2.5 4.75 ± 2.5 5.85 ± 3.5 0.145
Mean baseline E2 levels (pg/ml) 62 ± 5.7 51 ± 2.7 47.5 ± 4.9 0.083
Mean FSH/LH ratio 2.3 ± 1.1 2.3 ± 1.3 1.6 ± 1.0 0.011#

Mean AMH levels (pmol/l) 9.1 ± 8.2 20 ± 18.1 44 ± 35.6 0.00
Mean total gonadotropin dose required (IU/l) 3572 ± 1295 2646 ± 1094 1856 ± 672 0.000
Mean terminal estradiol levels (pg/ml) 925 ± 1025 1654 ± 697 2744 ± 683 0.000
Significance levels are for the whole model using one-way ANOVA
Where indicated by the signs (*, #, or $), intergroup variability was not found to be significant as per the following key: *No difference between groups 2 and 3, #no difference between groups 
1 and 2, $no difference between groups 1 and 3. All other values denoted in bold had significant difference within group and for the whole model

Figure 2: ROC curve for AMH (AUC = 0.768, significance: 0.000) Figure 3: ROC curve for FSH (AUC = 0.635, significance: 0.006)
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Determining poor response prior to IVF enrollment was the 
objective of this study since no accurate markers currently 
exist that can perform well on this front. Antral follicle count 
has been reported by many as a superior marker. However, 
it was not analyzed in this study, as a dedicated, objective, 
and uniform reporting of antral follicle count by the same 
observer on a high-resolution machine was not available 
universally for all patients.

There have been several studies on AMH as a clinical 
marker of ovarian reserve from over the world, but only two 
published abstracts from India,[26,27] neither of which compare 
AMH with FSH in its predictive abilities and neither defines 
AMH cut-off levels for poor response. In this study, one of the 
few from India, AMH has been shown to be a better predictor 
of overall ovarian response and poor response compared to 
age and FSH as seen by AUCs for the three variables.

Van Rooij[28] was one of the firsts to describe a high degree 
of clinical correlation of AMH with OCR with a coefficient 
value of r = 0.57, corroborating very closely with the 
correlation coefficient value of r = 0.591 from this study.

Increasing FSH and age have previously been shown to 
be negative predictors of OCR. ROC analysis in this study, 
as in the study by Nelson et al.[29] and others,[28,30-35] reveals 
that they are both inferior predictors of ovarian response 
compared to AMH.[36, 37]

The AMH cut-off value for poor response reported from 
various studies varies from 0.1 to 2 ng/ml, that amounts 
to almost a 20-fold variation.[28,29,33-35,38,39] Hence, a more 
definitive AMH cut-off value to determine absolute poor 
response was sought.

What one expects these cut-off values to do is to demarcate 
with nearly 100% accuracy a poor responder from a normal 
responder. More precisely, no woman with a potential for 
a good response ought to be classified as a poor responder 
since such a categorization could mean rejection from the 
IVF program. Why refuse a woman IVF when she has a fair 
chance of conception? That is the premise on which AMH 
cut-off values were calculated.

In the context of defining a poor response, disease 
positives can be taken as individuals with a poor ovarian 
response and disease negatives as individuals with 
average or hyperresponse. A true positive then is a poor 
responder and rightly so identified by the test. A true 
negative is a good responder and rightly so identified 
by the test. A false negative is a poor responder falsely 
identified by the test as a good responder. A false positive 
is a good responder wrongly identified by the test as a 
poor responder.

Speaking statistically, one would want the screening test to 
have zero or near-zero false positives. If one were to consider 
the following equation that establishes the relationship 
between false positivity rate and specificity,

False-positive rate = 100 − specificity,

it can very simply be concluded that a test cut-off with 
a high specificity approaching 100% would achieve the 
objective of zero false positives. Looking at the sensitivity 
and specificity values that have been derived from the co-
ordinates of the ROC curve for AMH [Table 3], it is easily 
seen that values of AMH between 0.5 and 3 pmol/l would 
give us the desired result.

But choosing a high specificity compromises the sensitivity 
and increases the numbers of individuals with a potential 
for poor response to be recruited for IVF, thus increasing 
cycle cancellation or poor OCR rates. Hence, looking at a 
test cut-off which has only a near 100% specificity is not 
enough. The test should be balanced with an acceptable 
level of sensitivity as well in order to have an acceptable 
number of false negatives.

Hence, re-looking at Table 3, the only level of AMH that 
maintains a high degree of specificity without much change 
in the sensitivity is a level of 2 pmol/l (=0.28 ng/ml). Value 
of 10 pmol/l takes the specificity too low, hence losing the 
objective of keeping false positives to a minimum. Values less 
than 2 pmol/l lead to a sudden sharp decline in sensitivity, 
hence increasing the numbers of absolute poor responders 
that would mistakenly be picked up for IVF. The sensitivity 
at 20%, although still low, actually translates into an absolute 
figure of 18 poor responders per hundred population 
recruited for IVF based on the following equation:
Total false negatives = (100 − sensitivity) × (Prevalence of 
disease positives)
	 = (100 − 20) × (45/198)
	 = 80 × 0.23
	 = 18.4.

Although 2 pmol/l appeared to be a reasonable cut-off 
of AMH levels for predicting poor response, there was a 
huge overlap between average and poor responders in the 
AMH range of 2–10 pmol/l. In a study by Meduri et al., 

Table 3: Sensitivity and specificity values for predicting 
poor response at different AMH levels
AMH cut-off levels (pmol/l) Sensitivity (%) Specificity (%)
0.5 8 100
1 9.5 99
2 20 98
3 23 92.8
10 71 69
20 91 47



211

Satwik, et al.: Anti mullerian hormone and poor ovarian response prediction

Journal of Human Reproductive Sciences / Volume 5 / Issue 2 / May - Aug 2012

mean AMH levels, although low in women with premature 
ovarian failure as compared to the normal population, 
were still within detectable range in 40% of such women 
and within the normal range in a few patients, despite 
minimal to nil follicles on ovarian biopsy.[40] This overlap 
hinders AMH as an absolute predictor of non-responder 
status to controlled ovarian stimulation based on a low 
plasma AMH value. Consequently, adjustment of patients’ 
expectations is required and consideration may be given to 
individualization of therapeutic strategy as follows.

In women with AMH levels of 2 pmol/l or less, cycle 
cancellation may be a good option. However, since at no 
value of AMH could we identify non-response, it can be said 
that with the available evidence, no woman can be excluded 
from the IVF program, but the information can be used for 
counseling regarding avoidance of repeated cycles of IVF 
if the first cycle confirms poor response. With AMH levels 
between 2 and 10 pmol/l, a suspicion of poor response still 
exists. Hence, a high starting dose of gonadotropins or 
alteration of stimulation protocol may be helpful.

CONCLUSIONS

AMH seems to be a better predictor of overall ovarian 
response and poor response compared to FSH and age, 
though it cannot be the absolute predictor. Levels of 2 pmol/l 
(=0.28 ng/ml) seem to be discriminatory for poor response.

REFERENCES

1.	 Lim A, Psakok M. Age related decline in fertility: A link to degenerative 
oocytes. Fertil Steril 1997;68:265-71.

2.	 Navot D, Rosenwaks Z, Margalioth EJ. Prognostic assessment of female 
fecundity. Lancet 1989;2:645-7.

3.	 Scott RT Jr, Hoffman GE. Prognostic assessment of ovarian reserve. 
Fertil Steril 1995;63:1-11.

4.	 Loumaye E, Billion JM, Mine JM. Prediction of individual response 
to controlled ovarian hyperstimulation by means of a clomiphene 
challenge test. Fertil Steril 1990;53:295-301.

5.	 Abdel Sattar N, Tharwak A. Ovarian reserve. Ain Shams Journal of 
Obstetrics and Gynecology 2005;2:338-43.

6.	 Treloar AE. Menstrual cyclicity and the pre-menopause. Maturitas 
1981;3:249-64.

7.	 Toner JP, Philput CB, Jones GS, Muasher SJ. Basal follicle-stimulating 
hormone level is a better predictor of in vitro fertilization performance 
than age. Fertil Steril 1991;55:784-91.

8.	 Bancsi LF, Broekmans FJ, Mol BW, Habbema JD, te Velde ER. Performance 
of basal follicle-stimulating hormone in the prediction of poor ovarian 
response and failure to become pregnant after in vitro fertilization: A 
meta-analysis. Fertil Steril 2003;79:1091-100.

9.	 Kwee J, Elting ME, Schatts R, McDonnell J, Lambalk CB. Ovarian volume 
and antral follicle count for the prediction of low and hyper responders 
with in vitro fertilization. Reproduc Biol Endocrinol 2007;15:9.

10.	 Hendriks DJ, Kwee J, Mol BW, te Velde ER, Broekmans FJ. 
Ultrasonography as a tool for the prediction of outcome in IVF patients: 
A comparative meta-analysis of ovarian volume and antral follicle count. 
Fertil Steril 2007;87:764-75.

11.	 Jayaprakasan K, Deb S, Batcha M, Hopkisson J, Johnson I, Campbell B, 
et al. The cohort of antral follicles measuring 2-6 mm reflects the 
quantitative status of ovarian reserve as assessed by serum levels 
of anti-Müllerian hormone and response to controlled ovarian 
stimulation. Fertil Steril 2010;94:1775-81.

12.	 Jayaprakasan K, Campbell B, Hopkisson J, Johnson I. A prospective, 
comparative analysis of anti-Müllerian hormone, inhibin-B, and 
three-dimensional ultrasound determinants of ovarian reserve in the 
prediction of poor response to controlled ovarian stimulation. Fertil 
Steril 2010;93:855-64.

13.	 Kwee J, Schats R, McDonnell J, Themmen A, de Jong F, Lambalk C. 
Evaluation of anti-Müllerian hormone as a test for the prediction of 
ovarian reserve. Fertil Steril 2008;90:737-43.

14.	 Singer T, Barad D, Gleicher N. A comparison of serum anti mullerian 
hormone and cycle baseline follicle stimulating hormone in prediction 
of IVF Outcomes. Fertil Steril 2007;88:S97.

15.	 Nardo LG, Gelbaya TA, Wilkinson H, Roberts SA, Yates A, Pemberton P, 
et al. Circulating basal anti-Müllerian hormone levels as predictor of 
ovarian response in women undergoing ovarian stimulation for in vitro 
fertilization. Fertil Steril 2009;92:1586-93.

16.	 Durlinger AL, Gruijters MJ, Kramer P, Karels B, Ingraham HA, 
Nachtigal  MW, et al. Anti-Müllerian hormone inhibits initiation 
of primordial follicle growth in the mouse ovary. Endocrinology 
2000;143:1076-84.

17.	 di Clemente N, Goxe B, Rémy JJ, Cate RL, Josso N, Vigier B, et al. 
Inhibitory effect of AMH upon aromatase activity and LH receptors 
of granulosa cells of rat and porcine immature ovaries. Endocrine 
1994;2:553-8.

18.	 Durlinger AL, Gruijters MJ, Kramer P, Karels B, Kumar TR, Matzuk MM, 
et al. Anti-Müllerian hormone attenuates the effects of FSH on follicle 
development in the mouse ovary. Endocrinology 2001;142:4891-9.

19.	 Lee MM, Donahoe PK, Hasegawa T, Silverman B, Crist GB, Best S, et al. 
Müllerian inhibiting substance in humans: Normal levels from infancy 
to adulthood. J Clin Endocrinol Metab 1996;81:571-6.

20.	 Weenen C, Laven JS, Von Bergh AR, Cranfield M, Groome NP, Visser JA, 
et al. Anti-Müllerian hormone expression pattern in the human ovary: 
Potential implications for initial and cyclic follicle recruitment. Mol 
Hum Reprod 2004;10:77-83.

21.	 Cook CL, Siow Y, Taylor S, Fallat ME. Serum müllerian-inhibiting 
substance levels during normal menstrual cycles. Fertil Steril 
2000;73:859-61.

22.	 La Marca A, Malmusi S, Giulini S, Tamaro LF, Orvieto R, Levratti P, et al. 
Anti-Müllerian hormone plasma levels in spontaneous menstrual cycle 
and during treatment with FSH to induce ovulation. Hum Reprod 
2004;19:2738-41.

23.	 Roberts SA. Variability in Anti-Müllerian hormone levels: a comment on 
Sowers et al. Anti-Müllerian hormone and inhibin B variability during 
normal menstrual cycles. Fertil Steril 2010;94:e60. 

24.	 Surrey ES, Schoolcraft WB. Evaluating strategies for improving ovarian 
response of the poor responder undergoing assisted reproductive 
techniques. Fertil Steril 2000;73:667-76.

25.	 Kailasam C, Keay SD, Wilson P, Ford WC, Jenkins JM. Defining poor 
ovarian response during IVF cycles, in women aged <40 years, and 
its relationship with treatment outcome. Hum Reprod 2004;19:544-7.

26.	 Chimote N, Chimote M, Mukherjee A, Mehta B, Abstract. Day zero 
serum antimullerian hormone (AMH): A better predictor of ovarian 
response than basal AMH in down regulated ART cycles. Fertil Steril 
2008;90(Supplement):S217.

27.	 Nath N, Chimote M, Mukherjee A, Chimote N. Correlationship of 
antimullerian hormone (AMH) in follicular fluid with oocyte, embryo 
quality and pregnancy outcome in ART cycles Abstract. Fertil Steril 
2008;90(Supplement):S218.

28.	 van Rooij IA, Broekmans FJ, te Velde ER, Fauser BC, Bancsi LF, 
de Jong FH, et al. Serum anti-Müllerian hormone levels: A novel measure 



212

Satwik, et al.: Anti mullerian hormone and poor ovarian response prediction

Journal of Human Reproductive Sciences / Volume 5 / Issue 2 / May - Aug 2012

of ovarian reserve. Hum Reprod 2002;17:3065-71.
29.	 Nelson SM, Yates RW, Fleming R. Serum anti-Müllerian hormone and 

FSH: Prediction of live birth and extremes of response in stimulated 
cycles—implications for individualization of therapy. Hum Reprod 
2007;22:2414-21.

30.	 Ebner T, Sommergruber M, Moser M, Shebl O, Schreier-Lechner  E, 
Tews  G. Basal level of AMH is associated with oocyte quality in 
stimulated cycles. Hum Reprod 2006;21:2002-26.

31.	 Hazout A, Bouchard P, Seifer DB, Aussage P, Junca AM, Cohen Barcie P. 
Serum AMH appears to be a more discriminatory marker of assisted 
reproductive technology outcome than follicle- stimulating hormone, 
inhibin B or estradiol. Fertil steril 2004;82:1323-9.

32.	 Elgindy EA, El-Haieg DO, El-Sebaey A. Anti-Müllerian hormone: 
Correlation of early follicular, ovulatory and midluteal levels with 
ovarian response and cycle outcome in intracytoplasmic sperm 
injection patients. Fertil Steril 2008;89:1670-6.

33.	 Muttukrishna S, Suharjono H, McGarrigle H, Sathanandan M. Inhibin B 
and Anti-mullerian hormone: Markers of ovarian response inIVF/ICSI 
patients? BJOG 2004;111:1248-53.

34.	 Kwee J, Schats R, McDonnell J, Themmen A, de Jong F, Lambalk C. 
Evaluation of anti-Müllerian hormone as a test for the prediction of 
ovarian reserve. Fertil Steril 2008;90:737-43.

35.	 La Marca A, Malmusi S, Giulini S, Tamaro LF, Orvieto R, Levratti P, et al. 

Anti-Müllerian hormone plasma levels in spontaneous menstrual cycle 
and during treatment with FSH to induce ovulation. Hum Reprod 
2004;19:2738-41.

36.	 Frazier LM, Grainger DA, Schieve LA, Toner JP. Follicle stimulating 
hormone and estradiol levels independently predict the success of 
assisted reproductive technology treatment. Fertil Steril 2004;82:834-40.

37.	 Abdalla H, Thum MY. Repeated testing of basal FSH levels has no 
predictive value for IVF outcome in women with elevated basal FSH. 
Hum Reprod 2006;21:171-4.

38.	 Sahmay S, Cetin M, Ocal P, Kaleli S, Senol H, Birol F, et al. Serum anti-
mullerian hormone level as a predictor of poor ovarian response in in 
vitro fertilization patients. Reprod Med Biol  2011;10-:9-14.

39.	 Fiçicioglu C, Kutlu T, Baglam E, Bakacak Z. Early follicular antimullerian 
hormone as an indicator of ovarian reserve. Fertil Steril 2006;85:592-6.

40.	 Méduri G, Massin N, Guibourdenche J, Bachelot A, Fiori O, Kuttenn F, 
et al. Serum anti-Mullerian hormone expression in women with pre-
mature ovarian failue. Hum Reprod 2007;22:117-23.

How to cite this article: Satwik R, Kochhar M, Gupta SM, Majumdar A. 
Anti-mullerian hormone cut-off values for predicting poor ovarian response 
to exogenous ovarian stimulation in in-vitro fertilization. J Hum Reprod Sci 

2012;5:206-12.
Source of Support: Nil, Conflict of Interest: None declared.

Staying in touch with the journal

1)	 Table of Contents (TOC) email alert 
	 Receive an email alert containing the TOC when a new complete issue of the journal is made available online. To register for TOC alerts go to 

www.jhrsonline.org/signup.asp.

2)	 RSS feeds 
	 Really Simple Syndication (RSS) helps you to get alerts on new publication right on your desktop without going to the journal’s website. 

You need a software (e.g. RSSReader, Feed Demon, FeedReader, My Yahoo!, NewsGator and NewzCrawler) to get advantage of this tool. 
RSS feeds can also be read through FireFox or Microsoft Outlook 2007. Once any of these small (and mostly free) software is installed, add  
www.jhrsonline.org/rssfeed.asp as one of the feeds.


